Background/Aim: Glomerulonephritis due to mesangial proliferation is responsible for renal dysfunction in IgA nephropathy (IgAN), however molecular mechanisms of pathogenesis are not well known. We examined the effect of IgA on Insulin-like Growth Factor-1 (IGF-1) activity, a potent mitogen with vital role in growth and development of children, and IGF-1 receptor (IGF-1R) in cultures of glomerular mesangial cells (GMC). Methods: GMC were isolated from rat kidneys using sieving and enzymatic digestion of tissue homogenates, and cultured in RPMI 1640 medium. GMC cultures were treated with IgA (0-10 µg/ml) in the presence or absence of IGF-1 and fetal bovine serum (FBS), and BrdU incorporation was measured. IGF-1 levels were assayed along with real-time PCR quantification of IGF-1R mRNA. Results: Treatment of GMC with IgA (5 -10 µg/ml) significantly (p < 0.01) increased the BrdU incorporation in the presence or absence of FBS or IGF-1. IgA-mediated effects were more pronounced in IGF-1 treated cells that were significantly (p < 0.01) blocked by pretreatment of cells with IGF-1 receptor antibody or genistein. IgA significantly increased the levels of IGF-1 in culture supernatants and GMC homogenates. IGF-1R mRNA was significantly (p < 0.01) increased in IgA treated cells particularly by co-treatment with IGF-1. Conclusion: These findings show that IgA enhances the IGF-1 activity in GMC via stimulation of IGF-1R gene transcription and suggest a role for IGF-1 in pathogenesis of IgAN.
Introduction
IgA-mediated nephropathy (IgAN) is a common glomerulonephritis disorder affecting children in different parts of the world including Kuwait [1] [2] [3] . Clinical presentation of IgAN includes the development of painless hematuria concurrent with the onset of a viral pharyngitis, gastroenteritis, or pneumonia. Major risk factors linked to progressive IgA disease include hypertension, proteinuria, male gender, and persistent microscopic hematuria [4] [5] [6] . Glomerulonephritis involves thickening of the glomerular basement membrane, mesangial cell proliferation, and the accumulation of mesangial extracellular matrix leads to obstruction of the glomerular capillary causing loss of glomerular filtration and kidney dysfunction [7, 8] . Mesangial cells serve a number of functions in the renal glomerular capillary including structural support of the capillary tuft, modulation of glomerular hemodynamics, and a phagocytic function allowing removal of macromolecules and immune complexes [9] . When exposed to an injurious stimulus, the mesangial cell responds by cellular proliferation and matrix synthesis leading to an increase in mesangial cells and matrix accumulation that ultimately progresses to glomerulosclerosis during development of membranoproliferative diseases such as IgA nephropathy. Though exact mechanisms of IgA nephropathy still remain unclear, deposition of IgA in mesangial cells has been implicated with evidence for a variable participation of monomeric, polymeric or secretory forms of IgA in development and progression of nephropathy [10, 11] .
Prominent feature of glomerular diseases including IgA nephropathy is membranoproliferative glomerulonephritis and in experimental models of nephritis, mesangial cell proliferation frequently precedes and is linked to the increase of extracellular matrix in the mesangium and glomerulosclerosis. Factors that control mesangial cell function include cytokines and growth mediators, matrix components including integrins, and interactions with other cells such as the endothelial and epithelial cells [12] [13] [14] [15] .Though a role for PDGF in progressive glomerulosclerosis has been suggested earlier with use of antibodies to PDGF as an antiproliferative therapeutic tool, yet role of growth factors in IgAN has remained poorly studied. Insulin-like growth factor-1 (IGF-1) has been shown to regulate proliferation of glomerular mesangial cells and polymorphisms of IGF-1 and IGF-1 receptor have recently been shown to contribute toward pathologic progression of childhood IgA nephropathy [16] . These studies suggest that IGF-1 might have an important role in development and progression of IgA-mediated nephropathy. Normal human, rat, and mouse mesangial cells in primary culture possess high affinity receptors for IGF-1 and few if any insulin receptors. Mesangial cells in culture also produce IGF-1 and IGF-1-binding protein(s). IGF-1 is mitogenic for mesangial cells, thus IGF-1 may act as an autocrine or paracrine factor participating in the regulation of mesangial cell function. Transgenic mice expressing increased levels of growth hormone and growth hormone-releasing factor exhibit high levels of circulating IGF-1 and develop glomerulosclerosis. Mesangial cell proliferation is a common hallmark of many glomerular diseases, including IgAN.
The exact mechanisms inducing cell proliferation in IgA-mediated glomerulosclerosis are not completely understood, and it remains to be determined whether IGF-1 plays a role in this process. Glomerular mesangial cells have IGF-1 receptors to exhibit mitogenic response to IGF I and this study was designed to examine the effect of IgA on IGF-1 system in cultures of rat glomerular mesangial cells in order to understand the role of IGF-1 in molecular mechanisms of IgAN.
Materials and Methods

Materials
Bovine serum albumin (BSA), penicillin / streptomycin and fetal bovine serum (FBS) were purchased from Sigma Chemical Company (St. Louis, MO). DMEM-Ham's F-12 (1:1) and trypsin-EDTA were from GIBCO (Grand Island, NY). IGF-1 and genistein were purchased from Sigma Chemical Co. Primaria tissue culture plates were obtained from Falcon Becton Dickinson (Oxnard, CA). Purified human colostrum IgA (a secretory form of IgA) was procured from Sigma Chemical Company while monoclonal antibody against IGF-1 receptor was purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). All other reagents of highest quality available were purchased from Sigma or Calbiochem.
Isolation and primary culture of mesangial cells
Glomerular mesangium were isolated and cultured initially in a selective mesangial cell culture medium RPMI 1640 supplemented with D-valine instead of L-valine and with 20% fetal calf serum. Renal mesangial cells were isolated from and cultured as described previously [17] . Kidney cortex were dissected from male Sprague-Dawley rats, chopped on ice and passed through a series of nylon meshes of graded pore sizes (150, 105, and 77µmol/L) by applying gentle pressure and repeated washing with phosphatebuffered saline (PBS; pH 7.4) supplemented with antibiotics (100 U/mL of penicillin and 100 µg/mL of streptomycin). Glomeruli collected from the final 77 µmol/L collection sieve were rinsed and digested with collagenase (100 mg/100 mL) for 15 minutes prior to plating in Dulbecco's modified Eagle's medium (DMEM; Life Technologies) containing 20% fetal bovine serum (FBS; Life Technologies), antibiotics, 24 mmol/L NaHCO 3 , and 20 mmol/L HEPES. Mesangial cells obtained from glomerular outgrowths were treated with experimental agents. Positive immunofluorescent staining for smooth muscle -actin and negative staining for von Willebrand factor and cytokeratin were used to confirm the purity of mesangial cell cultures and absence of contaminating endothelial and epithelial cell types.
Treatment of mesangial cell cultures with experimental agents
For all experiments, mesangial cells were serum-starved overnight in DMEM containing 0.5% FBS prior to treatment with experimental agents. Before adding the experimental agents, cell monolayers were washed twice with serum free DMEM-medium (SFM) and incubated at 37 0 C in a humidified cell culture incubator for 2 hrs in the presence of 0.1% FBS containing DMEM-F/12 medium. IgA (0-10 µg/ml) was added to the cell cultures in the presence or absence of FBS (5%) or IGF-1(10-100 ng/ml). Following the addition of experimental agents, cells were incubated in cell culture incubator for another 24hrs at 37 0 C.
BrdU Incorporation (DNA Synthesis) in mesangial cells
DNA synthesis in cultures of mesangial cells in response to IgA and growth factors were assayed via measuring bromodeoxyuridine (BrdU) incorporation in to cellular DNA using kits purchased from Calbiochem. Briefly, incorporation of Brdu in vitro was measured in cells after incubation with experimental agents for 24 hours at 37°C, in the media supplemented with 10 µM BrdU. The cells were then stained with a peroxidase-labeled antibody against BrdU. The absorbance of the samples at 450 nm was measured using a microplate reader.
RNA isolation and reverse transcription
Total RNA was extracted from cultured mesangial cells with RNA extraction kit based on use of guanidinium thiocyanate , lithium chloride and cesium triflouroacetate. Isolated RNA was of high quality and was used immediately for synthesis of first strand cDNA according to protocols from Clonetech's SMART PCR cDNA synthesis kit.
Quantitative PCR detection of mRNA for IGF-1R
After the first strand synthesis, real-time PCR was done using 8 μl cDNA, 10 μl SYBR green PCR master mix (Bio-Rad Laboratories, Hercules, CA) and forward and reverse primers (10 μM/ml) (Integrated DNA Technologies, San Diego, CA) in a real-time PCR system (CFX96; Bio-Rad Laboratories). The primer sequences used were IGF-1R; forward 5'-GGGAATGGAGTGCTGTATG-3', reverse 5'-CACAGAAGCTTCGTTGAGAA-3'. The specificity of the primers was analyzed by running a melting curve. The PCR cycling conditions used were 5 min at 95°C for initial denaturation, 40 cycles of 30 s at 95°C, 30 s at 58°C and 30 s at 72°C. Each realtime PCR was carried out using three individual samples in triplicates, and the threshold cycle values were averaged. Calculations of relative normalized gene expression were done using the Bio-Rad CFX manager software.
IGF-1 Assay
To assess the cumulative production of IGF-1 by GMC in response to IgA treatment, IGF-1 levels were measured in culture supernatants combined with cell homogenates using commercially available ELISA kits from Assay Design Inc.
Statistical analysis
Data were analyzed using student's t test for significance of variance between different groups of the study.
Results
Effect of IgA on Bromodeoxyuridine (BrdU) incorporation (an index of DNA synthesis) in glomerular mesangial cells
Brdu incorporation was measured in cell cultures of renal mesangial cells following treatment with various concentrations (0-10µg/ml) of IgA for 24 hrs. Figure 1 shows that BrdU incorporation was significantly (p < 0.01) more in cells treated with IgA (5.0 -10.0 µg/ml, concentrations reported to cause glomerulonephritis in in vivo studies) as compared to cells without any treatment irrespective of the presence or absence of a mitogen (FBS), and the effect of IgA seems more pronounced at the highest concentration used.
Effect of IgA on growth factorinduced DNA synthesis in glomerular mesangial cells
Mesangial cell cultures were treated with varying concentrations of IGF-1 (10-100 ng/ml) for 24 hrs in the absence and presence of IgA (10 µg/ml) and BrdU incorporation was measured. IGF-1 significantly (p < 0.01 when compared with control) increased BrdU incorporation in glomerular mesangial cell cultures (Figure 2 ) and co-incubation of cells with IgA markedly enhanced the growth factor-induced DNA synthesis (p < 0.01), however incremental effect of IgA was more pronounced at higher concentrations of IGF-1. This co-mitogenic response of IgA and IGF-1 is an intriguing suggesting that IgA might be regulating the expression of IGF-1 and or IGF-1 receptor. To further assess the involvement of IGF-1 receptor and its signaling, co-mitogenic effect of IgA and IGF-1 was assessed in cells that were pretreated with IGF-1 receptor antibody (25µg/ ml) or genistein (50 µM), a tyrosine kinase inhibitor. Both IGF-1R antibody and genistein significantly (p < 0.01) blocked the co-/mitogenic effect of IgA and or IGF-1 (Figure 3 ). An isotype matched antibody used as a control for the anti-IGF 1R antibody did not have any significant influence on IgA-induced co-/mitogenic effects (data not shown).
Effect of IgA on IGF-1 and IGF-1 receptor
In view of our findings that BrdU incorporation was significantly more in IgA treated cells irrespective of the presence or absence of a mitogen, we examined the effect of IgA on IGF-1 levels and the gene expression of IGF-1 receptor in mesangial cells. IGF-1 content was significantly (p< 0.05) more in supernatants and homogenates of cells treated with 10 µg/ml of IgA as compared to untreated cells (Figure 4) . Quantitative real-time PCR revealed that amount of IGF-1R mRNA was significantly increased in cells following treatment with IgA in the presence and absence of IGF-1 ( Figure 5) . Treatment of cells with IGF-1 also significantly ( p > 0.01) increased the transcription of IGF-1R gene and IgA further potentiated the IGF-1-induced IGF-1R transcription.
Discussion
Glomerulosclerosis due to enhanced mesangial cell proliferation is a well known pathological event of IgA-mediated nephropathy that involves role of several growth factors including IGF-1. Though IGF-1, a major growth factor involved in development of children, is believed to participate in development and progression of IgAN, exact mechanism of its action has remained unclear. This ex vivo study demonstrates that IgA enhances the mitogenic activity of IGF-1 through modulation of its receptor in cultured renal mesangial cells, thus suggesting a new insight into molecular mechanism of IgAN pathogenesis in children. Though the role of monomeric, polymeric or secretory forms of IgA in development of nephropathy is controversial and debatable, this study illustrates that purified secretory form of IgA enhances mitogenic responses in cultures of renal mesangial cells. Mitogenic effect of serum growth factors mainly PGDF and EGF has been well documented with regard to in vivo and in vitro studies on proliferation of renal mesangial cells and its importance in renal dysfuntion due to glomerulosclerosis [18, 19] . PDGFinduces mitogenic effects and its role in development of IgA-mediated nephropathy has been reported earlier [20, 21] , however a potent co-mitogenic effect of IgA on IGF-1-induced BrdU incorporation in this study is quite intriguing.
Observed co-mitogenic effect of IgA and IGF-1 on GMC cultures could be speculated to occur through either an enhanced production of IGF-1or through induction/stimulation of its receptor, IGF-1R, besides any other possible mechanisms. The fact that pretreatment of cells with IGF-1RAb markedly blocked the co-/mitogenic effect of IgA and IGF-1 strengthens the notion that stimulation of IGF-1R might be involved in IgA-mediated glomerulosclerosis.
It has been suggested earlier that IGF-1 signaling might play an important role in renal fibrosis and regulation of the proliferation of mesangial cells and podocytes, and single nucleotide polymorphism studies have observed associations between the IGF-1/1R pathway, susceptibility to IgAN, and the pathologic progression of IgAN [22] . Our findings that IgA increases the levels of IGF-1 in culture supernatants and cell homogenates strongly indicates that IGF-1and its receptor-mediated signaling might have a potent role in pathogensis of IgAN. Most IGF actions are mediated by the tyrosine kinase IGF-1 receptor. Activation of IGF-1receptor signaling has been implicated in development of several kidney diseases that include diabetic nephropathy and renal carcinomas [23, 24] , and IGF-1 receptor inhibitors have been developed for use as therapeutic tools [25] against progression of these proliferative diseases.
Though significance and possible involvement of IGF-1 receptor in IgAN has been suggested earlier, yet effect of IgA on IGF-1 receptor has remained unexplored. Our findings that IgA increases mRNA levels of IGF-1R in GMC cultures strongly suggests modulation of receptor gene expression during progression of IgAN. Enhanced transcription of IGF-1R gene by IgA alone and its further potentiation in the presence of IGF-1 indicates a selective stimulation of IGF-1/IGF-1R pathway during mesangial cell proliferation in development and progression of IgAN. Observed enhancement in IGF-1R gene transcription might have occurred in response to increased production of IGF-1 in IgA-stimulated cells. Simultaneous or complimentary activation of IGF-1/IGF1-1 by IgA as observed in this ex vivo study might exert an autocrine or paracrine effects on GMC to induce proliferation in vivo during development of IgAN.
Conclusion
IgA might have a selective potent stimulatory effect on IGF-1 and its receptor, besides other mechanisms to induce proliferation of GMC during development and progression of IgAN.
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